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(54) Tittc: TRENCH C^^PA<3T0R DRAM CELL WITH VERTICAL TRANSISTOR 



A DRAM cell is disposed in an electrically 
isolated region of a semiconductor body. The cell 
includes a storage node (30) disposed in a trench. The 
node is disposed entirely within the isolated region of 
the semiconductoir body. The cell includes a transistor 
(T) disposed in the isolated region. The transistor has 
a pair of gates (61. 62). A word line (WL) is provided 
for addressing the cell. The word line has a pair of 
contact regions (24. 25) to the transistor gates. The 
word line contact region is disposed entirely within 
the isolated region of the semiconductor body. The. 
transistor has an active area. The active area has source 
(S), drain (D), and channel (C) regions. The active 
area is disposed entirely within the isolated region of 
the semiconductor body. A bit line is provided for 
the cell. The bit line is in electrical contact with the 
source of the transistor at a bit line contact region (20), 
disposed entirely within the isolated region of the cell. 
With such an arrangement a DRAM cell is provided 
having a relatively small amount of surface area of the ' 
semiconductor body. 
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TRENCH CAPACITOR PRAM CELL WITH VERTICAL TRANSISTOR 

Background of the Invention 
.This invention relates to semiconductor structures 
and more particularly: to dynamic random access memory 
structures. 

As is knovm in the art, for the commercial success of 
^future generations of semiconductor memories , it will be 
essential to minimize die sizes and at the same time increase 
performance characteristics . One type of semiconductor memory 
is a dynamic random a ccesjs memory (DR?^) . In one such DRAM, an 
array of memory cells is provided. Each one of the memory 
cells incudes a transistor coupled to a storage capacitor. In 
a deep trench; DRAM cell, the . capacitor is foirmed in a; deep 
trench^ which passes vertically into the surface of the 
semiconductor thereby reducing size as compare to a stack 
capacitor cell. Still, as noted above, for commercial success 
cell sizes must continue to be reduced. 

summary of the Invention 

In accordance with the present invention, a DRAM cell is 
disposed in. an electrically isolated region of a semiconductor 
body. The cell includes a storage capacitor disposed in a 
trench. The capacitor is disposed entirely within the isolated 
region of the semiconductor body. The cell includes a. 
transistor disposed in the isolated region. The transistor has 
a ' pair of gates. A word line is provided for addressing the 
cell. The word line has an electrical contact region to the 
transistor. . The wiprd line contact region is disposed entirely 
within the isolated region of the semiconductor body. 

With such an arrangement a DRAM cell is provided having 
a relatively occupies a relatively small amount of surface area 
.of. the semiconductor body. ' 

In accordance with another invention, the transistor has 
an active, area . The active area has source, drain,, and channel 
regions. The actaye area is disposed entirely within the 
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isolated region of the semiconductor body. 

In accordance with another invention, a bit line is 
provided for the cell. The bit line is in electrical contact 
with the gates of the transistor at a pair of bit line contact 
regions. Both such bit line contact regions are disposed 
entirely within the isolated region of the cell. 

Brief Description of the Drawing 

Other features of the invention, as will as the 
invention itself, will become more readily from the following 
detailed description when read together with the accompanying 
drawings, in which: 

FIG. 1 is a plan view of\ an array of DRAM cells 
according to the invention; 

FIG. 2 is a schematic drawing of an exemplary one of the 
DRAM cells of FIG. 1; 

FIG. 3 is a cross ' sectional, diagrammatical sketch of 
the exemplary one of the DRAM cells of FIG. 1, such cross 
section being taken along line 3-3 of FIG. 1; and 

FIGS. 4A-4W are cross - sect ional , diagrammatical sketches 
of the exemplary one of the DRAM cells of FIG. 3 at various 
stages in the fabrication thereof. 

Description of the Preferred Embodiments 

Referring now to FIG. 1, an array 10 of DRAM cells 12 is 
shown formed in a semiconductor, here silicon substrate 11. 
The cells .12 are arranged in an array of rows and columns, as 
shown. Each one of the rows of cells 12 is connected to a 
corresponding one of a plurality of rows of word lines, WL, and 
each one of the columns of ^ cells is connected to a 
corresponding one of a plurality of columns of bit lines, BL, 
as shown. Each one of the cells 12 is identical in 
construction, an exemplary one thereof being shown 
schematically in FIG. 2 to include a storage capacitor CAP 
coupled to a transistor T formed in a cylindrical -shaped region 
beneath the surface of the substrate 11. Here, the transistor 
T is a MOSFET device having its source region S connected to 
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• one of the world lines, WL, and its gate G connected to one of 
the b.it lines BL. The drain region P of the transistor T is 
connected to one plate, pr electrode, or; the capacitor CAP and 
the other electrode of the, capacitor CAP is • connected to 
ground, here the substrate 11- = 

Referring now to FIG. 3 , a cross -sectional sketch of an 
exemplary one of the cells 12, here cell 12a, is shown: The 
transistor T includes a cylindrical -shaped source region, S, 
disposed in the substrate 11 and electrically connected to the 
word line WL at a source contact region 20. Disposed in the 
substrate 11 beneath t:he. cylindrical -shaped source region, S, 
is a cylindrical -shaped gate channiel' region, C, of the 
transistor T. Disposed beneath in the substrate li is a 
cylindrical -shaped drain region, P. The source region, S, 
drain region, D, and chahnel region G, as disposed in the 
active area of the silicon substrate 11. The bit line BL is . 
electrically connected to a pair of gate electrodes, Gi, G?, of 
the transistor f at contact regions 24, 25, respectively. The 
gate electrodes, Gi and G2 are disposed in the substrate 11, as 
shown. The gate Gi is disposed in the central region of the 
cell 12a and the gate G2 is cylindrical-r shaped and disposed 
about the central gate Gi. Here, the. gate electrodes, d and 
G2, are doped polycrystalline silicon. A thermally grown, 
cylindrical -shaped gate, silicon dioxide layer 26 is disposed 
between the gate electrode Gi and one side of the gate channel 
C, and a cylindrical -shaped, thermally grovni silicon dioxide 
layer 28 is disposed between the gate electrode G2 and the 
opposite side of the gate channel region G to- thereby provide 
the MOS FET device T- with a dual, or double-gate transistor 
arrangement with carrier flow through the channel region C 
being cohtrolled by the gates Gi and G2 on opposite sides of 
such gate channel region C for the cell 12a, shown 
schematically in FIG. 2. 

The capacitor CAP of cell 12a is buried in a deep trench 
formed in the substrate 11, in a, manner to be described. 
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Suffice it to say here, that the capacitor CAP includes one 
electrode, i.e., a storage node 30, here doped polycrystal line 
silicon, which is electrically connected to the cylindrical- 
shaped drain region D of the transistor T at contact region 38. 

It is noted that the gate electrode, Gi is electrically 
isolated from the storage node 30 by: a dielectric layer 42, 
here a thermally grown silicon dioxide layer; and, lower 
portions of the theinnally grown, silicon dioxide, gate oxide 
layer 26, It is noted that the thickness of the silicon 
dioxide layer may be accurately controlled by the thermal 
growth process. The gate electrode Ga is electrically isolated 
from such storage node 30 by: lower portions of the silicon 
dioxide layer 28; and a dielectric layer 40, here thermally 
grown silicon dioxide. The n type conductivity doped silicon 
substrate 11 , which here forms the second electrode of the 
capacitor CAP, is electrically isolated from the bottom portion 
of the storage node 30 by a node dielectric layer 44, here 
silicon oxynitride; and, the silicon dioxide layer 42, as 
shown. 

Further, the word line WL, which, as noted above is 
electrically connected to the drain region, D, at contact 
region 20, is electrically isolated from gate G2 by dielectric 
50, here deposited silicon dioxide, and dielectric layer 52, 
here also deposited silicon dioxide. The word line WL is 
electrically isolated from the gate Gi by dielectric 56, here 
deposited silicon dioxide. The word line WL is electrically 
isolated from the bit line BL by dielectric layers 60, 62, and 
64, here deposited silicon dioxide, silicon nitride and silicon 
dioxide, respectively. It is also noted that a dielectric stub 
66, here silicon nitride, electrically isolates gate Gi from 
gate G2 . The bit line BL is electrically isolated from \e 
substrate 11 by a dielectric layer 100', here a lower n 
layer of thermally grown silicon dioxide and a thicker ut^jjer 
layer of deposited silicon nitride. 

It should be noted that a dielectric layer 46, here 
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thermally grown silicon dioxide, provides the outer periphery 
of the trench DRAM cell 12a, as shown also in FIGS- 1 and 3 . 
That: is, the dlelectrie layer 46; provides the outer periphery 
of ttfe cell 12a. To put it another way/, the cell 12a is 
disposed in a region of the semiconductor substrata 11 having 
as its outer periphery, the dielectric layer. 46. . 

It is also noted that the transistor T is a double-gate 
transistor and that the word line contact 20 is, referring also 
to FIG. 1> disposed over a region entirely within the outer 
periphery provided layer 46 (i.e., above a region within the 
outer periphery of the cell 12a) . Further, the active area of 
the transistor T (i.^. , the region having . the source, drain> 
and channel regions, S, D, and C, respectively), is entirely 
within the outer periphery of the cell I2a. Still . further, it 
is nbtedt, referring also to FIG, 1, that the bit . line BL is 
also abovei. a region, entirely withih the outer: periphery of the 
■ ceil .12a- ... T,----; :';„ ■ \ /■„ 

Referring now to FIGS. 4A through 4V, the prpeess for 
producingf the DRAM cell 12a wil! be described. Referring to 
^^^^ J^^^ silicon substrate 11, here n type silicon, is 

..provided with a dielectric layer 100 , . here a composite layer 
having a thin silicon dioxide layer, and a thicker silicon 
nitride layer disposed on the silicon dioxide layer. A trenqh 
is formed in the upper portion of the silicon substrate 11 
using photplithograpy. The dielectric layer 44 is formed on 
the sidewalls pf the trench; The dielectric layer 44 provides 
a l oyer por ti on of t he node ^i^^ectr^ic^ f^r^the capacitor CAP, 
FIG, 3 and i sp here a layer of silicon oxynitride. The trench 
is then filled with a conductive material 31, here for example, 
n* doped polycrystalline silicon, to provide the bottom portion 
of the storage node 30 (FIG. 3) of the capacitor CAP. 

Referring to FIG; 4B, the upper portion of the doped 
polycrystalline silicon 31 is recessed thereby exposing upper 
portions of the silicon oxynitride layer. 44. A layer of 
silicon dioxide is deposited oyer the structure and then 
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exposed to a reactive ion etch (RIE) to thereby remove all but 
portions of the deposited silicon dioxide except for the 
portion on the upper exposed portions of layer 44 thereby 
forming a layer 41 of silicon dioxide oil the upper portions of 
layer 44, as shown in FIG. 4B. 

Referring now to . FIG. 4G, the structure shown in FIG. 4B 
,^is exposed to a silicon etch to thereby further recess the 
doped polycrystalline silicon 31 and thereby expose 
intermediate portions of the silicon oxynitride layer 44. The 
exposed portions of the silicon oxynitride layer 44 are removed 
using a wet etch (e.g., for example; 25:1 dilute* hydrofluoric 
acid for 40 seconds for the oxide and hot phosphoric acid to 
remove the nitride) to thereby expose underlying portions 45 of 
the silicon sidewalls of the trench 47 which was, as described 
above in connection with FIG. 4A, photolithdgraphically formed 
in the silicon substrate 11. The resulting structure is shown 
in FIG. 4G. 

Referring now to\FIG. AD J the structure shown in FIG. 4C 



is isdtopically etch back the exposed portion 45 of the silicon 
substrate 11 to form silicon surface portions 45* in such 
substrate 11. The structure is exposed to thermal oxidation 
process thereby oxidizing the exposed portions of the silicon 
45' and surface portions of the polycrystalline silicon 31 to 
..,:gorm the silicon dioxide layer 42 (FIG- 1) , as shown in FIG. 
\ 4E^ Referring to <|^IG^^4F^ the stiructure shown in FIG. 4E is 
subjected to a RIE process to remove portions of the silicon 
dioxide layer 42 which were grown on the more central regions 
43 of the doped polycrystalline silicon 31, Thus, the central 
regions 43 of the polycrystalline silicon 31 are exposed, as 
shown in FIG. 4F. . — 

Referring now to WIG. the trench 47, FIG. 4F, is 

refiled with doped polycrystalline silicon 33, as shown after 
planarization. It is . noted that the deposited polycrystalline 
silicon 33 is deposited on the exposed portions 43 (FIG. 4F) of 
the previously deposited doped polycrystalline silicon 31. 
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Further, both depositions have the same type dopant thereby 
electrically connecting both deposited polyGrystalline silicon 
materials 31, . 33 . . 

The deposited polycrystalline silicon 33 is recessed 
using a Reactive Ion Etch (RIE) (e.g., SFe and CH4) to thereby 
form the structure shown in FIG. 4H. It is noted that the 
recessing of the doped polycrystalline silicon 33 exposes upper 
portions 47 of the thermally grown silicon dioxide layer 42, 
These exposed portions 47 of the silicon dioxide layer 42 are 
selectively removed using a wet etch to selectively remove 
exposed oxide layers (e.g. , dilute HF3) , to expose portions 51 
of the silicon substrate 11, as. shown in FIG. 41. Thus/ in 
addition to etching, away the exposed portions 47 (FIG. 4H) of 
the thermally grown silicon dioxide layer 42, the exposed 
silicon dioxide layer 41 is . also remove to thereby form the 
structure shown in FIG. 41, 

Referring now tf^HEl'C 4 5\) the trench 47, FIG. 41, is 
ref iled with h* doped pol^?CryslrSl line silicon 35, as shown after 
planarizatiori. It is, noted that the deposited polycrystalline 
silicon 35 is deposed on, and hence is electrically connected 
to, the exposed portions 49 , (FIG. 41) of the previously 
deposited doped polycrystalline silicon 33 (FIG. 41) and on the 
irexppsed portioiiis 51 of the silicon substrate 11. Thus, the 
doped pplycrystallihe. silicon 31, 33/ and 35, here all n* type 
sii icon, together proyide the storage node 30 (FIG: 3). 

■ Referring now to. FIG. 4K, the upper portion of the doped 
polycrystalline silicon . 35 is recessed using an isotropic etch 
to produce, the sti-ucture. shown. It is noted that the etch 
exposes upper portions 53 of the polycrystalline silicon 35. 

Referring to FIG. 4L, the structure shown in FIG, 4K is 
subjection to a thermal process to oxidize the exposed portions 
53 (FIG. 4K) of the doped polycrystalline silicon 35 and 
convert such portion into the. thermally grown, silicon dioxide 
layer 40 i (FIG. 1), as shown. ' The exposed portions of the 
silicon oxynitride layer 44 (FIG. 4K) are etched away, using a 
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wet etch, (e.g., for example, 25:1 dilute hydrofluoric acid for 
40 seconds for the oxide and hot phosphoric acid to remctve the 
nitride) thereby exposing the upper silicon substrate 11 
portions of trench 47. The structure is then heated to form 
the thermally grovnn silicon dioxide layer 26 (FIG. 1) by 
thermal oxidation of the exposed portions of the silicon 
substrate 11- This thermally grown silicon dioxide layer 26 
provides the gate oxide for the gate d (FIG, 3) . As noted 
above, the thickness of the layer 26 may be accurately 
controlled by the thermal growth process . 

Referring now to FIG. 4M, a layer of doped n* doped 
polycrystalline silicon 70 (which provides the gate Gx, FIG. 3) 
is deposited over the structure and then recessed to a level 
above the bottom surface of dielectric layer 100 (FIG* 4L) . 
The recess is then filed with the silicon dioxide 56 (FIG. 3). 

The silicon nitride portion of the dielectric layer 100 is 
then striped using hot phosphoric acid. The resulting 
structure is shown in FIG. 4M, with the thinner, silicon 
dioxide portion of the dielectric layer 100 (FIG. 4L) , not 
shown. 

Referring now to FIG. 4N, the layer 66 of silicon 
nitride is deposited over the surface of the structure. The 
layer 66 is deposited uniformly, as shown, having a 
predetermined thickness. As will be described, this thickness 
of the silicon nitride layer 66 is used to establish the width 
of the active areas whether the 

source gate channel and drairi regions of provided in the 
substrate 11. , 

Referring now to FIG. 40, an anisotropic etch here a 
Reactive Ion Etch (RIE) is used to provide proper, well 
controlled thickness of the silicon nitride spacei: from layer 
66 because such thickness, as will be described, in effect 
defines the thickness of the active region of the transistor. 

Referring to FIG. 4P, a layer 72 of polycrystalline 
silicon is deposited over the structure and 
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photolithographically patterned to provide a sacrificial 
polycrystailine^ sil icon spacer . Next, a layer 76 of silicon 
dioxide is deposited oyer the structure and planarized to 
provide a surface fijl, as shown in FIG. 4Q. Next, boron is 
implanted in selected regions of the substrate 11 and processed 
to form p type conductivity regions 73, as shown. 

Referring now to FIG. 4R, the structure shown in FIG. 40 
is exposed to an anisotropic etch, {e:g . , RIE etch, SFe and 
CH4) , which selectively removes silicon. Thus, the exposed 
sacrificial polycrystalline silicon 70 is etched away thereby 
exposing underlying portions, of the silicon substrate ll. 
These = exposed portions of the silicon substrate 11 are removed 
forming a cylindrical -shaped trench 78 as shown in FIG. 4R. It 
is noted that outer sidewa:lls of thie cylindrical -shaped trench 
78 are .provided by the silicon substrate ll, upper inner 
portions 80, 6f th<e cylindrical -shaped trench 78 are also 
provided by jthe silicon substrate 11, and lower inner portions 
of the cylindrical -shaped trench 78 are provided by the 
polycrystalline silicon 33, 35, as indicated. These inner 
portions 80 of the n type conductivity silicon substrate 11 
will provide the active region of the transistor T (FilG. 3), as 
will be described. It . should be noted that the thickness of 
the . active region 80'. is equal to the thickness of the 
vertically extending silicon .nitride 66 minus the thickness of 
the thermally grown silicon dioxide layer 26. As noted above, 
the thickness of the silicon dioxide layer 26 is well, 
controlled by the thermal growth process . Thus, the thickness 
of the active area 8p is- in effect, defined by the thickness 
of the silicon nitride spacer 66, rather than by lithography. 

The structure shown in FIG. 4R is heated to thermjally 
oxidized the exposed portions of the silicon substrate and 
thereby form thermally grown silicon dioxide which provides the 
gate oxide layer 28 for gate G2 (FIG. 3) and thermally grown 
silicon dioxide layer 4 6- which provides the outer periphery of 
the cell 12a {FIGS. 1 and 3) , as shown in FIG. 4R. As. noted 
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above, th^ region 80 between the pair of thermally grown gate 
oxide - layers 26, 28 provides a cylindrical -shaped active region 
for the transistor T (FIG. 3). It is noted that the thickness 
of the thermally grown silicon dioxide layer 46 is well 
controlled by the thermal growth process. 

Referring now to FIG. 4S, the cylindrical -shaped trench 
J78 shown in FIG. 4R is filled with h* doped polycrystalline 
silicon 90 and then etched-back, as indicated. The region 
above the etched back polycrystalline silicon 90 is filled with 
silicon dioxide 92 thereby producing the structure shown in 
FIG. 4S. Next, the n type conductivity doped drain region, D, 
is formed by ion implantation in the lower portion of the 
active' area 80 of the silicon stibstrate 11. The p conductivity 
doped channel region, is then formed by ion implantation in 
the middle portion of the active area 80 of the silicon 
substrate 11 at a lower energy level that used to form the 
drain region, D. The n* conductivity doped source region is 
then formed by ion implantation in the upper portion of active 
area 80 of the silicon substrate 11 using an energy level less 
than that used for the channel region C implantation. It is 
noted that the source, channel, and drain regions S, C, and D, 
are cylindrical -shaped and are vertically stacked contiguous 
one another, as shown in the active region 80 provided ih the 
substrate 11. It is noted that the silicon nitride stub 66 may 
be removed prior to the implantation. 

Referring now to FIG. 4T, a layer 93 of silicon dioxide 
is deposited over the surface of the structure shown in FIG. 4S 
and is theri pattern lithographically to have a window 94 formed 
therein using a bit line mask. The exposed portion of the 
silicon nitride stub 66 over a portion of the trench 78 (FIGS. 
4R and 4S) is etched using hot phosphoric acid to thereby 
expose the source contact region 20 (FIGS. 3 and 4T) of the 
cell 12a transistor T, as shown in FIG. 4T. 

Referring now to FIG. 4U, a layer 95 of silicon dioxide 
is deposited over the surface of the structure shown in FIG. 4T 
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are then such structure is subjected to reactive ion etch tq 
thereby form silicon dioxide spacers, as indicated,. These 
spacers^ isolate the bit line BL making electrical contact . at 
contact region 20 from the gate polycrystal line silicon 90 and 
the gate d- Next, using, a TiN liner, not shown, a metal film, 
for example, tungsten, aluminum, or copper, is filed into the 
window 94 (FIG. 4T) . The film is etched, as shown in FIG. 4V to 
"provide the bit line BL. Next, the etched-back film forming 
Che bit line BL is filled with silicon nitride 62, to form the 
structure shown in FIG. 4V. This thereby forms the bit lines 
BL winh a contact at region 20 to each cell 12. 

Next, a silicon dioxide layer,- not shown, is deposited 
over the' structure. Using' a' word line mask, the silicon 
dioxide is etched down to expose the gate Gx, G2 contact regions 
24, 25, respectively (FIGS. 3 and 4W) and leaving the lower 
pprtiori 100* of the dielectric layer 100 (i.e., a thin layeir of 
thermally grown silicon dioxide with an upper layer of silicon 
nitride) . 

Referring to FIG, 3, the silicon dioxide spacers 64 aire 
formed to isolate bit lines BL from word lines WL. A metal 
film, for example tungsten) copper or aluminum; are filled into 
the oxide openings, on top of a film, not shown, of TiN, to 
thereby form the word lifie BL in contact with each cell at 
contact regions 24, 25 thereby electrically the bit line BL to 
the gates Gi arid G2. 

Other embodiments are within the spirit and scope of the 
appended claims. . For 'example, many pirocess steps could, be 
carried out using alternative materials and/or alternative 
processing conditions. For example, the node dielectric 
materials with higher dielectric constant such as TaaOs could be 
used. Also, ; conductive materials other than polycrystalline 
silicon could be used to fill the trench. Alternative routes 
exist to build the peripheral transistors outside the cell 
array. They could be of 'similar double-gate , vert ical design as 
in the cell itself and therefore build during the processing 
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steps building the array cell. Or, they could be of 

conventional single-gate, stack-on-tdp-df-the^ silicon design 
and be built after completion of the array processing. 
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What is claimed is: 

1. A DRAM cell disposed in an electrically isolated 
region of a semiconductor body, comprising: 

a storage capacitor disposed in a trench, such 
capacitor being disposed entirely within' the isolated region of 
the semiconductor body; 

a. transistor disposed in. the isolated region, such 
transistor having a pair of gates; 

* a word line for addressing the cell, such word line 
. having an electrical contact region to the transistor, such 
contact region: being disposed entirely within the isolated 
region of the semiconductor body. 

2. The cell recited in claim 1 wherein the transistor 
has an active area^' such active area having source, drain) and 
channel regions/ such active area being diisposed entirely 
within the isolated region of the semiconductor body. 

3. The cell recited in claim 2 including a bit line for 
the cell, such bit line being in electrical contact with the 
transistor . at a pair of bit line contact ' regions ^ both such bit 
line contact regions being disppsed entirely within the 
isolated region of the cell. 

4. A' memory cell, comprising: 

(a) a storage capacitor disipo.sed in a trench formed in a 
semiconductor body ;. 

{b) a transistor electrically connected to the 
capacitor, such transistor comprising: 

(i) a gate channel region disppsed between a source 
region and a drain region, such regions being disposed in the 
body and extending vertically beneath a surface of the body; 

(ii) a pair of dielectric layers, each one thereof 
being disposed on a corresppnding one of a pair of opposing 
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surface portions of the gate channel region; 

(iii) a pair of gate electrodes, each one thereof 
being disposed on a corresponding one of the pair of dielectric 
layers. 

/ ■ ' 
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